Abstract-One of the most exciting applications of high-temperature electronics is related to the exploration of the planet Venus Each of these has its own particular problems with respect to instrumentation adequate to meet the desired scientific goals. This paper is primarily concerned with defining possible mission applications, the required electronic systems, -and the approaches that are currently being studied for their development.
I. INTRODUCTION E LECTRONIC instruments and systems used for space exploration have not generally been exposed directly to harsh environments of outer space or the dense atmospheres of several of our planets. Instead, protective enclosures, insulation, shielding, and small heating systems are provided to control the environment. Also the design of spacecraft systems and instruments is carried out with fairly conservative design rules, because the cost of a mission is high, and failure is easy to achieve. The design of electronic instruments for use within the wide range of the earth's environment is difficult enough, and extension of our electronic technology to operate at very high or low temperatures or great presssures is no small challenge.
Operation of electronic systems in environments having temperatures or pressures beyond the capability of the electronics requires systems to protect or insulate the electronics from the environment. The maintenance of the protection requires energy, and the energy source itself may require protection. In vacuous space, the energy transfer to the spacecraft is entirely dependent upon radiative transfer, and temperatures can be controlled by varying the reflectivity of the spacecraft surfaces. This form of control may require little energy since it often can be accomplished with little more than the rotation of the spacecraft or the reorientation of reflective panels. Pressure differences are seldom larger than the difference between that of the earth and vacuum.
In these respects, the exploration of space is considerably less difficult than the exploration of the earth's inner space where temperatures and pressures are high.
The exploration of the planets having large atmospheres is entirely a different matter. In the case of Venus, for example, the surface temperature is near 730 K and the atmospheric pressure is 90 bars. The atmospheric profiles of the large outer planets are relatively unknown, but one thing is sure, both the pressure and temperature will increase well beyond our technical capability to design instruments before any surface is likely to be found. The depth to which these atmospheres can be studied depends on one of two things: 1) our ability to design probes that can withstand the great temperatures and pressures, and 2) the ability to transmit the information through the dense absorbing atmospheres.
The problem of protecting electronic systems from the great temperatures and pressures of these atmospheres is a very different problem from that of outer space. Here the thermal energy transfer is caused primarily by conduction to the atmosphere. The atmospheric pressures may be hundreds of times greater than that of the earth's atmosphere, so our spacecraft may look more like a craft designed for deep ocean exploration. We have two choices as to the design of our craft, either we design our systems to withstand the high temperatures and pressures, or we maintain temperature and pressure differences within the craft. The maintenance of temperature and pressure differences requires energy, and energy is always a very expensive and a scarce commodity on any space probe. Therefore, it is very important that we minimize or eliminate the need to maintain such differences. The extension of range of operating temperatures of electronic components and systems is a start in that direction.
II. MISSIONS
The exploration of the atmosphere of Venus will probably be the first example of the use of high-temperature electronic systems in space applications. Studies of the Venusian atmosphere could be accomplished by the use of balloon-borne instruments. The of the rotation rate, direction of the spin axis, and orbital motion could be made. These measurements could easily establish whether the rotation is in synchronous lock with the earth or if some form of precession exists. As the planet rotates, two occultations could be observed per revolution as viewed from the earth. An orbiting spacecraft could observe several occultations per day. Such measurements not only aid in establishing the variation of the atmosphere but give a measure of the turbulance which establishes the ultimate "seeing" capability through the Venusian atmosphere at microwave frequencies.
Going to our outer planets, there is much work to be done. The first direct measurements of the Jovian atmosphere will be made by the Galileo space probes. These probes, like the PV probes, will last only a short time until they are either crushed or their signal extinguished by the absorption in the atmosphere. The data they return will ultimately determine if other methods of exploration are possible. Among the most exciting might be a hot air balloon niission to explore the circulation below the visible cloud regions. Though it is too early to know what might be possible, high-temperature electronics will most likely be required.
Going towards the inner part of our solar system we find Mercury and the sun. The Mariner 10 spacecraft measured surface temperatures on Mercury ranging from 90 to 460 K. Radiative transfer models indicate that temperatures as high as 650 K (3770C) exist when Mercury is closest to the sun [1] . the-shelf crystals. This circuit operated without failure during the 2-week test period. The stability of crystal oscillators at high temperatures depends not only upon the stability of cyrstal and its Q, but on the drifts in the other electronic components. Clearly, components will age faster at high temperatures, and stabilities are sure to be poorer than obtained at room temperature or with the best oven controlled crystal oscillators. Just how much poorer is a question that remains to be answered.
V. TRANSMITTERS
The measurement of scientific data in a high-temperature environment is of little use unless the information can be sent out of the environment. In the case of planetary exploration, the only feasible communications channel is via radio. The choice of wavelengths is dictated by the transparency of the atmosphere, the feasibility of the antenna structures, the availability of receiving equipment, and the background noise level. In the case of Venus, the atmosphere becomes opaque in the cm range, and a one-way transmission loss of 5 dB is encountered for 4-cm waves. Since Venus has no appreciable ionosphere, longer wavelengths pass freely. The physical size of antennas for wavelengths longer than a few meters probably restricts the low-frequency range to 100 MHz. The radio background noise is contributed by the thermal radiation from the planet and the radiation from free space. The VI. ANTENNAS Given that a suitable transmitter can be designed and fabricated, the power must be radiated to the observer. Antennas are passive devices constructed on metal and insulators. They must be structurally solid enough that the deformations are small compared to the scale size of the wavelength. In general, the more directive the antenna is, the more important is the structural integrity. Also important is the resistivity of the metal surfaces at high frequencies, that is, the losses in the antenna are contributed by the currents flowing near the surface of the metal, therefore, since the resistivity increases with temperature, the losses will be larger at high temperatures. Exposed antenna surfaces will most likely have to be gold plated to insure that active gasses in the atmosphere will not react with the metal raising the resistivity and increasing the losses. Some antenna components employ ferrite devices for switching, isolation, hybrid combiners, and so forth. Many ferrites reach their Curie point at fairly low temperatures, and devices dependent upon high-frequency magnetic materials may not be available to the designer. Otherwise the antenna system is not considered to be a serious problem. [9] at Los Alamos Scientific Laboratory coupled with ceramic triode transmitters by General Electric could provide the basic building blocks for the first entry into the area of 5000C exploration.
